The objective of the current study was to investigate the lateral dominance for a bimanually coordinated natural feeding behavior in semi-wild chimpanzees.
Introduction
Whether any non-human animal expresses lateral biases in motor action akin to that of Homo sapiens is a growing debate. It is commonly reported that the human population exhibits approximately 90% right-handedness (e.g. McManus, 2002) . Moreover, the majority of individuals within this population (95%) have language-processing regions situated in the left hemisphere of the brain (Foundas, Leonard and Heilman, 1995) . However, a causal relationship between language function and human handedness appears too simplistic. (Robins, Lippolis, Bisazza, Vallortigara, and Rogers, 1998) lizards (Deckel, 1995; Hews and Worthington, 2001 ), pigeons (Nagy, Àkos, Biro and Vicsek, 2010), chicks (e.g. Vallortigara, 1992; Vallortigara and Andrew, 1991), beluga whales (Karenina et al., 2010) and gorillas (Quaresmini, Forrester, Spiezio and Vallortigara, 2014) . Conversely, studies report left hemisphere/right motor action dominant behaviors during prey capture in fish and toads, during foraging and manipulating food items in birds (Alonso, 1998) and for object manipulation in birds (Rutlidge and Hunt, 2003) , monkeys (e.g. Westergaard and Suomi, 1996) and apes (e.g. Hopkins, 2007; Forrester, Quaresmini, Leavens, Mareschal and Thomas, 2013) . Hemispheric specialization of function may have provided advantages such as increased neural capacity through the enabling of parallel processing. In turn, non-replication of function across both hemispheres would deter the simultaneous incompatible responses (e.g. Vallortigara, 2000; Rogers, 2002) . Based on such evidence, it is unlikely that human right-handedness is a species unique trait. Human population-level right-handedness is more likely to have been inherited from a last common ancestor that exhibited left hemisphere dominance for structured sequences of actions .
Great apes represent a functional model to study the evolution of handedness and human cognition, not only because of their phylogenetic proximity to humans, but because they display clear anatomical humanlike features, like the morphology and manipulative skills of hands (Byrne, Corp and Byrne, 2001 Oldfield, 1971) inhibit direct cross-species comparisons. A recent set of studies employed identical experimental parameters across humans and nonhuman primates to investigate unimanual dominance during spontaneous object manipulation in great apes and children. These studies reported population-level right manual biases in gorillas and chimpanzees (e.g. Forrester et al., 2011; Forrester et al., 2012 ) that were similar in pattern (but not equal in strength) to that reported in children ). More research taking such an approach is warranted to provide further clarity on the similarities and differences across species. Studies focusing on sustenance tool use or object manipulation in wild apes have also failed to reveal any evidence of population-level lateral biases (Boesch, 1991; Matsuzawa, 1996;  McGrew and . However, the vast array of observed behaviors, coding criteria and assessment parameters make direct comparisons difficult across species and laboratories. The current study investigated the bimanual feeding behaviors of Strychnos spinosa fruit consumption in semi-wild chimpanzees. We focuses on the bimanual sequences of actions during the extraction of fruit for ingestion, once the shell of the fruit had already been weakened, in order to control for the variety of methods used to chimpanzees to open strychnos fruits (e.g. biting the fruit or striking the fruit against rocks and trees: Rawlings, Davila-Ross and Boysen, 2014). Based on previous cross-species evidence of left hemisphere dominance for routine sequences of motor actions, we predicted a right-hand population-level bias for this naturally occurring feeding behavior in semi-wild chimpanzees. 
Materials and Methods

Subjects
Data Collection
The following research was compiled in line with all protocols and adhered to the legal requirements of the country in which the research was conducted. As the study was of a noninvasive observational nature, approval by the institutional animal care committee was not An opportunity sampling method was adopted with the objective of recording as many subjects as possible (Rawlings et al., 2014) . Thus, the data set is comprised of coded behaviors from individuals who were visibly observable during periods of data collection.
Over the entire data collection periods (2007, 2011, 2012, 2013 ), 23 subjects were recorded over more than one year, with a mean of 1.94 separate years (SD = 0.72) across all subjects.
Data Coding:
Bimanual actions were defined in line with Meguerditchian et al., (2010) such that one hand holds an object (nondominant hand) while the opposite hand performs any manipulations of the object and brings it to the mouth in the case of feeding (dominant hand). Bimanual actions consisted of a sequence of actions related to manipulating foods for ingestion that began with holding and/or manipulating the fruit and bringing it to the mouth to further manipulate with the teeth or hands for ingestion. When considering these sequences of bimanual actions, there is a clear distinction of hand dominance: one hand manipulates the fruit (dominant) while the other maintains its stability (nondominant) (Figure 1) .
Analyses:
For measures of handedness, we calculated the frequency of dominant hand actions for bouts.
Bouts began when one hand reached for an object for manipulation. Once the item was gathered, only the first manipulative action was coded for hand dominance. A bout ended when the focal animal released the object. There is on-going discussion in the literature regarding whether events or bouts represent the most valid measure for evaluating hand For bimanual hand actions, we calculated individual frequencies, and proportions of bouts (see Table 1 ). Proportions were assessed to equalize the weighting that each subject contributed to the data set. Proportions were calculated by dividing the frequency of left and right hand actions by the total frequency of actions, respectively. Subjects with less than five bouts were excluded from analysis. To reveal individual patterns of hand dominance, we calculated the z-scores, binomial approximations of the z-scores and the individuals' strength of handedness using HI (Handedness Index) scores (Table 1 ). The direction of hand preference for each subject was calculated using z-scores such that chimpanzees were left handed when z ≤ -1.96, right handed when z ≥ 1.96 and ambiguously handed when -1.96 < z < 1.96. HI scores were calculated for each subject to establish the degree of hand asymmetry, Absolute Handedness was also calculated for strength of handedness not considering direction of laterality (ABHI). One-sample t-tests were used to evaluate group-level handedness using HI scores. Additionally, paired-sample t-tests were employed to test for significant differences in the frequencies and proportions of left-and right-handed dominant bouts of fruit opening. A Mann-Whitney U test was used to evaluate similarity of HI scores of left and right lateralized individuals. All statistical tests were two-tailed with alpha < 0.05.
Results
A total of 327 bimanual bouts of fruit opening were recorded by 33 individuals, of which 124 37.92% (n = 124) were left hand dominant and 62.08% (n = 203) were right hand dominant.
Binomial tests of individual bouts revealed that 26 individuals were not statistically lateralized, 5 were right lateralized and 2 were left lateralized. The MHI is 0.220 (± SE= 0.092). The ABHI for all subjects was 0.500 (± SE = 0.046). The ABHI for right-handed (mean = 0.540 ± SE 0.055) and left-handed (mean = 0.462 ± SE 0.078) were similar (U = 91.500; P = 0.449). Table 1 . Bimanual hand frequencies, proportions, HI scores, hand bias classification, z-scores and P values.
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Discussion
The aim of the current study was to consider manual laterality during an ecologically valid behaviour in semi-wild chimpanzees. This study is in the minority of investigations that have The strength of handedness found in the present study is not equivalent to that reported in studies of human handedness (e.g. 90% right-handed at the population-level, e.g. McManus, 2002 ). However, disparate testing methods make direct comparisons between human and nonhuman primates difficult. Because human handedness results typically stem from selfreported tool use (e.g. Oldfield, 1971) , the strength of human handedness for non-tool coordinated bimanual actions is not known. Additionally, studies of non-human primate laterality indicate that hand dominance is not a rigid nominal variable, but can vary in strength based on the choice of measurement such as: subjects and tasks (hand bias congruence), within subject and task (hand preference), within subject, across task (manual specialization), across subjects, within task (task specialization) (Marchant and McGrew, 2013) . It is possible that once thoroughly investigated, we will find no significant difference between humans and ape handedness, indicating that a left hemisphere dominant trait for routine sequences of actions was well established prior a common last ancestor. However, it is also possible that great ape hand dominance represents an intermediate stage along the phylogenetic trajectory of human manual lateralization. Great ape handedness may represent hand strength inherited by a last common ancestor before sophisticated tool use and modern language skills may have exaggerated the extreme manual laterality found in our own evolutionary lineage (Marchant and McGrew, 2013) . In order to address these questions, future investigations should consider a systematic methodology for assessing handedness across species to enable direct comparisons that can elucidate the evolutionary trajectory of cerebral dominance (Cashmore et al., 2008) .
Disparate evaluation of behavior across laboratories is a significant issue across species. Data collection and analyses approaches for motor actions show striking inconsistencies. 
